Research advances over the past four decades have demonstrated that a significant proportion of people with alcohol use disorders also suffer from a comorbid mood or anxiety disorder. This article briefly reviews the associations among alcohol dependence, major depressive disorder, and posttraumatic stress disorder. Dysregulation of the brain's and body's stress system (i.e., the limbic-hypothalamicpituitary-adrenal axis) might serve as a common mechanistic link to explain some of the relationships among these frequently comorbid conditions. Finally, the article examines the role of sex differences in stress circuitry. These differences may explain why men and women differ in their risk for developing comorbid alcoholism and stressrelated disorders.
A lthough the observation that patients with alcohol abuse and dependence (collectively termed alcohol use disorders [AUDs] ) frequently suffer from co occurring mood and anxiety disorders predates the founding of the National Institute on Alcohol Abuse and Alcoholism (NIAAA) 40 years ago, our improved understanding of the nature of the associations among these common psychiatric disorders largely parallels the growth of NIAAA's research portfolio in this area. Four decades ago, the psychiatric diag nostic systems in place (i.e., the Feighner [Feighner et al. 1972] and the Research Diagnostic Criteria [RDC] [Spitzer et al. 1978] ) used a simple approach to describe the complex nature of cooccurring disorders. As a first step, these systems attempted to classify comorbid conditions based solely on the chronological timing of their occurrence. Thus, a person who was diagnosed with alcohol dependence before the onset of his or her psychiatric disorder was labeled as a "primary" alcoholic, whereas a patient whose alcoholism followed the onset of another diagnosable psychiatric illness was labeled as a "secondary" alcoholic. Indeed, the definitions of the alcohol dependence syndrome also were evolving during this period, further complicating the diagnostic picture (Grant and Harford 1995) .
With the advent of the Diagnostic and Statistical Manual of Mental Disorders, Third Edition (DSM-III) (American Psychiatric Association [APA] 1980) and the incorporation of these and the RDC criteria into structured psychiatric diagnostic interviews (e.g., the Diagnostic Interview Schedule [DIS] [Robins et al. 1981] ), researchers were able to make further refinements in the classifcation of these disorders. For example, recognizing that heavy alcohol consumption dramatically alters brain function-including mood regulation-scientists designated psychiatric disturbances that occurred in the context of heavy drinking or alcohol withdrawal as "organic mental syndromes" (Anthenelli 1997; Nunes and Rounsaville 2006) . The result was a catchall category that was quite generic in nature but which represented a broad attempt to distinguish psychiatric complaints occurring in the context of a medical condi tion (e.g., depression in a patient with hypothyroidism). Nevertheless, the use of diagnostic criteria sets, whose reli ability and validity could be tested by incorporating them into structured psychiatric diagnostic interviews, led to an expanding number of studies on comorbidity and helped researchers to move beyond using strictly clinical samples of alcoholdependent patients.
Over the past 30 years, several landmark epidemiological surveys have documented high rates of cooccurrence of certain mood and anxiety disorders with AUDs. Using the DSM-III (APA 1980) criteria for mental syndromes, find ings from the Epidemiological Catchment Area (ECA) Study (Helzer and Pryzbeck 1988; Regier et al. 1990 ) first documented that alcohol dependence and stressrelated mood and anxiety disorders frequently cooccur. This was followed by the National Comorbidity Survey (NCS) (Kessler et al. 1997 ), which applied the DSM-III-Revised (DSM-III-R) (APA 1987 ) diagnostic criteria in a nationally representative household survey and found that roughly 28 percent of people who met the DSM-III-R criteria for alcohol dependence in the past year also reported experi encing a major depressive episode during that same time frame (see table 1 ). The NCS results also demonstrated high rates of cooccurrence of anxiety disorders with alcohol dependence. Thus, alcoholics were two to three times more likely than nonalcoholics to suffer from a comorbid anxiety disorder.
As epidemiologists began documenting that alcoholism frequently cooccurs with other psychiatric conditions, continuing advances in the nosology of the disorder and the instruments used to disentangle the various comor bidities further refined these relationships. In 1992, NIAAA conducted the National Longitudinal Alcohol Epidemiologic Survey (NLAES) (Grant et al. 1994) , which used the first iteration of a newly structured diagnostic interview named the Alcohol Use Disorder and Associated Disabilities Interview Schedule (AUDADIS) (Grant and Hasin 1992) . In contrast to the ECA and NCS studies that preceded it, NLAES was the first largescale, nationally representative household survey to apply DSM-Fourth Edition (DSM-IV) criteria (APA 1994) . This included distinguishing alcohol abuse and alcohol dependence as separate syndromes and better pinpointing the onset of these AUD syndromes as being either current (i.e., symptoms and signs clustering within the past 12 months at the time of the interview), prior to the past year, or on a lifetime basis (Grant and Harford 1995) . A key finding to emerge from the NLAES data was that a past history of alcohol dependence, even among former drinkers, was associated with a more than fourfoldincreased risk for a current or recent (within the past 1 year) major depressive episode (Hasin and Grant 2002) . That study, and another one analyzing NLAES data and the relationship between AUDs and major depres sion (Grant and Harford 1995) , found that this associa tion was strongest among people with alcohol dependence (as opposed to alcohol abuse) and among women compared with men. A previous issue of Alcohol Research & Health (Vol. 26, 2002) examined the topic of alcohol and comorbid mental health disorders in greater detail.
With the publication of DSM-IV (APA 1994) and its successor, DSM-IV-Text Revision (DSM-IV-TR) (APA 2000), a new category of "alcoholinduced disorders" was defined. In addition to influencing the sophistication and refinement of several structured and semistructured diag nostic interviews (e.g., the SemiStructured Assessment for the Genetics of Alcoholism, Version II [SSAGA-II] [Bucholz et al. 1994 ] and the AUDADIS-DSM-IV Version [AUDADIS-IV] [Grant et al. 2001] ), this new nomencla ture for discriminating mood and anxiety complaints in alcoholdependent patients gave researchers the opportunity to better identify subgroups of patients with AUDs and psychiatric disorders that went beyond the simple primary versus secondary distinction. The essential feature of an alcoholinduced disorder is the presence of persistent symptoms that are judged to be the result of the direct physiological effects of alcohol. To warrant this designa tion, these conditions should occur within 4 weeks of the last use of or withdrawal from alcohol and be clinically significant beyond what is expected from typical alcohol withdrawal or intoxication (APA 1994). As Shivani and colleagues (2002) and others (Nunes et al. 2006 ) have noted, this designation does not specify whether the alcoholinduced disorder meets the criteria for a full syndrome, per se (e.g., for major depression, at least five symptoms present for 2 or more weeks), or simply repre sents scattered psychiatric symptoms and signs that do not coalesce over time to warrant labeling as a syndrome. Nevertheless, this diagnostic refinement can help clinicians and researchers to further disentangle the heterogeneous nature of many comorbid presentations.
The NIAAAsponsored National Epidemiologic Survey on Alcohol and Related Conditions (NESARC) was the first epidemiologic survey to employ the DSM-IV and DSM-IV-TR criteria to specifically examine both inde pendent mood and anxiety disorders and alcoholinduced disorders (Grant et al. 2003) . The survey was designed to examine the comorbidity among AUDs (and other sub stance use disorders [SUDs] ) and nine independent mood and anxiety disorders in a nationally representative sample Adapted from Kessler et al. 1997. 2 National Epidemiologic Survey on Alcohol and Related Conditions (NESARC); Adapted from Grant et al. 2004. a, b Odds ratio was significantly different from 1 at 0.05 level. The odds ratio reflects the probability of an individual with an alcohol use disorder (AUD) having the comorbid disorder compared with people without AUD.
of over 43,000 respondents aged 18 years and older. As depicted in table 1, the 12month odds of suffering from an independent major depression were nearly four times greater among men and women with alcohol dependence than among people without AUDs (Grant et al. 2004) . Although posttraumatic stress disorder (PTSD) was not assessed during Wave 1 of the NESARC and was therefore not considered in this calculation, the odds of an individual with alcohol dependence meeting the criteria for an inde pendent anxiety disorder were increased 2.6 times com pared with individuals without alcohol dependence.
In summary, regardless of the labeling systems applied, alcoholism and stressrelated mood and anxiety problems frequently go handinhand. The diagnostic criteria used to identify comorbid syndromes and advances in the research tools used to evaluate them have been further refined over the past 40 years, corresponding with NIAAA's support in this research area. The challenge for the next decade will be to sort out the causal mechanisms underlying these associations, as discussed below.
Common Mechanistic Links Between AUDs and Mood and Anxiety Disorders
A common thread linking AUDs with other comorbid mental health disorders such as depression and PTSD is the role that stress plays in precipitating and maintaining these disorders. A comprehensive review is beyond the scope of this article, but previous editions of Alcohol Research & Health have exam ined the topics of stress and alcohol in greater detail (see Vol. 22, No. 3, 1998, and Vol. 23, No. 4, 1999) . Below is a brief Figure Schematized drawing illustrating crosstalk between the hypothalamic corticotropinreleasing hormone (CRH) pituitaryadrenal (HPA) and extrahypothalamic CRH (eCRH) stress axes. Brain neurotransmitters such as serotonin (5hydroxytryptamine or 5HT) and norepinephrine (NE) stimulate (+) these interconnected stress circuits, whereas endogenous opiates inhibit (-) stress responses. Solid lines indicate direct connections between the brain nuclei where these neurotransmitters are manufactured and the brain structure (e.g., the hippocampus) involved in modulating the stress response, and dashed lines indicate indirect connections between these structures. See text for details.
Behavioral/Cardiovascular sketch of how a better understanding of the irregularities in the brain's stress-reward systems might help elucidate the interrelationships among AUDs and some stressrelated psychiatric disorders.
Components of the Stress Response
When an organism perceives a threat or when there is a chal lenge to its normal state (i.e., homeostasis), outgoing signals from multiple parts of the brain funnel input to the hypothalamus. The paraventricular nucleus (PVN) within the hypothalamus contains nerve cells (i.e., neurons) respon sible for secreting corticotropinreleasing hormone (CRH) and the hormone arginine vasopressin (AVP) (see the figure) . The stressinduced release of CRH and AVP into the portal circulation triggers the release of adrenocorticotropin hormone (ACTH) from the anterior pituitary gland, which, in humans, ultimately stimulates the production of cortisol (i.e., the stress hormone) from the adrenal cortex. A regulatory system is in place to turn off the endocrine stress response (Ulrich Lai and Herman 2009). Thus, the hormonal response to stress is mediated through the limbic-hypothalamic-pituitaryadrenal (LHPA) axis. In addition to this hypothalamic-pituitary-adrenal (HPA) neuroendocrine stress axis, a parallel extrahypotha lamic CRH (eCRH) brain stress system exists. This cir cuitry has its roots in a portion of the brain called the extended amygdalae (Koob 2009 ). The amygdalae (singular amygdala) are almondshaped groups of neurons located deep within the medial temporal lobes of the brain. They encompass several nuclei, or structures in the central nervous system, including the central, lateral, and basal nuclei. The extended amygdala is composed of a group of struc tures, including the central nucleus of the amygdala (CeA) and the bed nucleus of stria terminalis (BNST), a group of neurons in the forebrain. CRH is produced by neurons in the CeA, the BNST, and the brainstem. This eCRH system helps mediate behavioral responses to stress and controls the sympathetic nervous system response to stressors (Koob 2009 ). It is important to note that although the HPA-CRH and extended amygdalar-eCRH stress circuits are interconnected, the latter system can act independent of the HPA axis.
Several different chemicals that transmit impulses between neurons (i.e., neurotransmitters) regulate the CRH systems in the brain, but interactions between norepinephrine and CRH in the region of the locus coeruleus (a nucleus in the brainstem) are believed to be particularly relevant to alcoholism (Koob 2009 ) and certain stressrelated psychiatric disorders, such as major depression and PTSD (Curtis et al. 2006) . Other key neurotransmitters regulating these stress-reward circuits-which are likely to play a role in comorbid alcoholism and stressrelated disorders-are serotonin, endogenous opiates, γaminobutyric acid (GABA), and glutamate ( Koob and LeMoal (2005) hypothesized that a key interface between the brain's stress systems and reward circuits lies in the region of the extended amygdala. It is here that the posi tive reinforcing effects of drugs, including alcohol, and the negative reinforcing effects of these agents are believed to intersect, with the CRH systems playing a critical modula tory role in this interaction.
Chronic Alcohol Disrupts the HPA Stress Response
In both experimental animals (Heilig and Koob 2007 ) and humans (Adinoff et al. 2005) , alcohol intoxication results in the release of CRH and activation of the HPA axis. Based on evidence (described below) from studies with rodents, it appears that these stressactivating effects may be greater in women than men (Larkin et al. 2010; Ogilvie and Rivier 1997) . Although it might seem coun terintuitive to consider that consumption of alcohol increases the brain's and body's stress hormone levels, it is likely that the brain adapts to repeated bouts of heavy drinking by downregulating responsive elements in the stress circuitry, and it is this process (i.e., neuroadapta tion) that characterizes aspects of the addiction process (Richardson et al. 2008 ).
Effects of Alcohol Withdrawal on the Stress Response.
Alcohol's activation of the stress systems is even more pro found during acute withdrawal. Studies in experimental animals (Koob 2009 ) and humans (Hundt et al. 2001) show marked increases in brain CRH levels and plasma ACTH and cortisol concentrations, respectively, in the hours and days following the last exposure to alcohol. This hyperactiva tion of the brain's stress system is accompanied by anxiety like behaviors in experimental animals and depressed mood in humans. Furthermore, studies in rodents demonstrate that administering drugs that block CRH activity in the CeA (i.e., CRH antagonists) can block these aversive with drawal effects (Koob 2009 ).
According to Koob and LeMoal's theory (2005) , the compulsive stage of alcohol dependence is produced, in part, by alcohol seeking behaviors to relieve a "negative affect state," which, according to these authors, may be a hallmark of the protracted abstinence syndrome. Further more, the neurobiological underpinnings of this negative emotional state originate in the extended amygdala and are mediated through interactions among the CRH, GABAergic, and norepinephrine systems (Koob 2009) . A final piece of the theory postulates that alcohol and other drug addiction is marked by an ongoing adaptation (or allostatic change) in these stress-reward systems (Koob and Le Moal 2001) , meaning that alcoholdependent individuals have adjusted their biological set points and have become more sensitive to stressors and more prone to stressinduced relapse to alcohol.
Indeed, in the days and weeks following the acute withdrawal period, the HPA axis remains dysregulated in alcoholics. However, during this subacute or protracted withdrawal phase, the system is typically blunted. That is, when challenged by a variety of stressors, 1 the endocrine response typically is lower than normal. A few studies (Adinoff et al. 2005; Junghanns et al. 2003) have linked these abnormal stress responses with the individual's risk of relapse to drinking. With lengthier abstinence, however, the HPA axis response to stress appears to normalize. These changes in the HPA axis in relation to a person's drinking status (i.e., intoxication versus acute and protracted withdrawal) are depicted in table 2.
Overlapping Mechanisms With Other StressRelated Disorders
Stress is known to contribute to the development of alcoholism in atrisk individuals and to the maintenance of the disease through stressinduced relapse. It also is a wellknown pre cipitant of stressrelated psychiatric disorders such as major depressive disorder (MDD) and PTSD. In fact, the principle of allostasis, which plays a central role in Koob and LeMoal's (2001) theories on addiction also plays an integral role in McEwen and Wingfield's (2010) and other scientists' per spectives on the development of stressrelated mood and anx iety disorders. In those hypotheses, chronic stress produces an "allostatic state" (e.g., chronic elevations in steroid hormones [i.e., glucocorticoids]) that can damage brain structures (e.g., 1 Researchers study this phenomenon in alcoholdependent patients using laboratorybased stress tests that monitor an individual's stress hormone concentrations, heart rate, blood pressure, and emotions in response to various stressors. Responses vary based on the type of stressor (i.e., psychogenic versus pharmacologic), the duration of abstinence at the time of testing, and individual characteristics such as gender and age. (Ehlert et al., 2001 ). c Negative findings may relate to dosage of dexamethasone used.
the hippocampus, which inhibits the HPA) and cause other compensatory neuroadaptive changes, such as changes to the neurotransmitter binding molecules (i.e., receptors) that lead to desensitization (McEwen 2003) . Cumulatively, the dysreg ulated stress responses produce an "allostatic load" on the organism that contributes to tissue damage, cognitive deficits, and chronic illnesses such as cardiovascular disease. Just as alcoholics display changes in HPA axis function that vary as a function of disease state, people with stress related psychiatric disorders such as MDD and PTSD manifest dysregulated HPA axis responsivity. These char acteristic response patterns also are depicted in table 2 and are briefly discussed below.
Given that MDD, PTSD, and AUDs so frequently overlap, the challenge confronting researchers in the next decade and beyond is to tease out whether the pattern of altered stress responses seen in comorbid patients shows evidence of greater or lesser dysregulation compared with patients with only one disorder. It is possible that alcohol may exacerbate or counterbalance stress system abnormalities associated with these disorders in the absence of alcoholism.
HPA Axis Abnormalities in Patients With CoOccurring Psychiatric Disorders

PTSD
In alcoholdependent patients, resting ACTH and cortisol concentrations appear to vary based on the length of abstinence. Similarly, the stress hormones corticotropin and cortisol in patients with PTSD appear to be influenced by (1) whether the traumatic event occurred only once or multiple times, (2) the duration of time that has elapsed since the traumatic stressor occurred, and (3) the effects of past trauma (Ehlert et al. 2001; Handwerger 2009 ). On balance, CRH levels appear to be increased in patients with PTSD (Yehuda 2009 ). Some research also suggests that patients with single event trauma and PTSD generally display lower cortisol levels than healthy, non-traumaexposed individuals and those exposed to trauma who did not develop PTSD (Handwerger 2009 ). This same pattern of lower cortisol concentrations, compared with nonPTSD control subjects, also has been observed among patients with multipleevent trauma. Moreover, PTSD frequently is marked by cortisol hypersup pression following the lowdose dexamethasone suppression test 2 (Ehlert et al. 2001; Handwerger 2009 ). As illustrated in table 2, the pattern of HPA axis abnor malities observed in patients with PTSD has both similar ities and differences with those found in patients with alcohol dependence, and these differential response patterns might have implications for understanding the increased risk of alcoholism in PTSD patients. For example, insufficient cortisol signaling and enhanced negativefeedback inhibi tion in patients with PTSD may lead some patients to use alcohol for its acute HPA stimulatory effects. Conversely, the hyperarousal symptoms associated with PTSD, which appear to be most related to the extrahypothalamic CRH system, might be ameliorated, at least in the shortterm, by drinking and alcohol's effects on the stress circuitry (Volpicelli et al. 1999) . Moreover, patients with PTSD and comorbid AUDs may be more treatment resistant because chronic alcoholinduced changes in brain and stress system functioning interfere with either the cognitivebehavioral or pharmacological approaches commonly used to treat PTSD.
PTSD and Alcohol Dependence
Despite the high cooccurrence rate of PTSD and alcohol dependence and the obvious involvement of the HPA axis in mediating these disorders, only one series of published studies has examined these relationships in comorbid individuals. Brady and colleagues (2006a, b) performed the cold pressor task 3 in alcoholdependent patients with and without comorbid PTSD and compared their findings with control groups of non-alcoholdependent patients with PTSD and healthy control subjects without either disorder. In this mixedgender sample, in which alcoholdependent partici pants were very recently abstinent, all three patient groups exhibited blunted ACTH responses to the physical stressor compared with control subjects, while at the same time endorsing higher subjective stress levels than controls. The comorbid alcohol-PTSD group had similar endocrine responses to that of the alcoholonly and PTSDonly groups. Among the alcoholdependent participants, there was a link between stressinduced craving for alcohol and subsequent relapse to drinking. Specifically, in patients who were alcohol dependent only, blunted ACTH responses coupled with a reported increase in craving for alcohol was a predictor for alcohol use in the followup period, whereas no such relationship was observed in the comorbid alcohol-PTSD group. Thus, as was the case in the studies conducted by Junghanns and colleagues (2003) , there was evidence that blunted stress hormone responses might signal a heightened relapse risk among recently abstinent alcoholics without comorbid PTSD. It remains unknown as to why this potential relapse risk marker was not present in patients with comorbid alcohol dependence and PTSD. However, this dissimilarity in stress reactivity between patients with and without a comorbid stressrelated condition is a provocative reminder that results from laboratory stress paradigms performed in noncomorbid patient populations might not translate completely to comorbid patient populations because of important, diseasespecific differences in HPA axis dynamics. Clearly, further research is required to disentangle these complex relationships.
MDD
As described above regarding PTSD, patients suffering from MDD show alterations in HPA axis function. Studies show that high levels of cortisol while at rest occur in 40 to 60 percent of patients with MDD (Handwerger 2009). When tested using an overnight dexamethasone suppression test (DST), roughly 40 percent of patients with unipolar nonpsychotic major depression and 65 percent of patients with psychotic depression show cortisol nonsuppression. Under normal circumstances, taking dexamethasone should reduce ACTH levels and lead to decreased cortisol levels. Abnormal DST responses have been linked to a more severe course of illness and a higher likelihood of relapsing after treatment. The combined dexamethasone (Dex)/CRH stimulation test provides a more sensitive assessment of HPA axis irregularities than the DST alone (Heuser et al. 1994) . Using a combined Dex/CRH test, 80 percent of patients with depression showed an abnormal response, marked by an exag gerated ACTH and cortisol response (Ehlert et al. 2001; Shea et al. 2005) . Thus, although MDD and PTSD both are char acterized by elevated brain CRH levels, differences in resting cortisol concentrations (higher in many patients with MDD and lower in patients with PTSD) and the cortisol response to the lowdose DST can be used to distinguish these disorders.
MDD and AUDs
Given that symptoms of depression cooccur with alcohol dependence in about 80 percent of patients and that 30 to 40 percent of alcoholdependent men and women suffer from an independent major depressive episode during their lifetime (Shivani et al. 2002) , it is surprising that relatively few studies have examined HPA reactivity in patients with these comorbidities. In fact, after a burst of activity in the 1980s and 1990s using the DST, no published studies examined stress reactivity in patients with these comorbid disorders. As noted elsewhere (Anthenelli et al. 2009 ), these firstgeneration DST studies were either exclusively or predominately con ducted in alcoholdependent men, creating a huge gender gap in the knowledge base for a common comorbidity known mostly to affect women. Moreover, as discussed below, when some women were included in the samples, inadequate attention was paid to confounding variables such as menstrual cycle phase and concomitant use of hormonal contraceptives-factors that markedly influence stress hor mone concentrations (Anthenelli et al. 2009 ). Recognizing these and other inconsistencies (e.g., variable lengths of abstinence, unclear distinctions between alcoholinduced versus independent depressive episodes) with these older studies, it is difficult to interpret their results. However, in general, most studies found that alcoholdependent study participants had normal responses to the DST and were similar to the comparison groups (Anthenelli et al. 2009 ). As was the case for patients with comorbid AUDs and PTSD, there clearly is a gap in our understanding of the ways HPA axis reactivity is altered in women and men with AUDs and MDD.
Gender Influences on the Risk for Comorbid Disorders
As alluded to above, the prevalence rates and clinical courses of AUDs, MDD, and PTSD vary among men and women. For example, regarding AUDs, men are twice as likely as women to develop an AUD (Keyes et al. 2008) . However, in alcoholic women, these disorders are more likely to follow an accelerated course (Hesselbrock et al. 1985) and to emerge after the onset of a stressrelated mood or anxiety disorder (Kessler et al. 1997) . Alcoholic women with AUDs also appear to be more susceptible to alcohol's neurotoxic effects (Mann et al. 2005 ) compared with alcoholic men. Thus, damage to stressregulating (e.g., the hippocampus) brain structures influencing stress reactivity and emotional processing may contribute to the higher rates of mood and anxiety disorders in alcoholdependent women.
In contrast, women are twice as likely as men to suffer from MDD (Kessler et al. 1994) , and gender influences the course of that disorder. For example, among outpa tients with MDD, women were found to have an earlier ageatonset to their depression than men (Fava et al. 1996) . Women also selfreport more depressive symptoms and poorer health status than do men (van Noorden et al. 2010) . Patterns of comorbidity in depressives vary according to gender as well. Thus, men with MDD are more likely to have comorbid alcohol and other drug use disorders, along with attention deficit hyperactivity disorder, whereas depressed women are more likely to suffer from comorbid PTSD and bulimia nervosa (Fava et al. 1996; van Noorden et al. 2010) .
Women have higher rates of PTSD than men, even after controlling for gender differences in the number and types of traumata suffered (Kessler et al. 1995; Stein et al. 2000) . These gender differences are apparent during ado lescence (Keller et al. 2010) , and, as is the case with adult women and men with comorbid PTSD and AUDs (Sonne et al. 2003) , the onset of PTSD typically antedates the onset of AUDs in teenage girls compared with boys.
Do Biological Sex Differences in StressReward Circuits Mediate Comorbidity Risk?
Although sociocultural and environmental factors certainly play an important part in explaining genderspecific disparities in comorbidity risk, recent research conducted by NIAAA sponsored scientists points to an integral role of biological sex differences in stress-reward systems as primary mediators of these gender effects. 4 As reviewed elsewhere (Fox and Sinha 2009; Witt 2007) , gender differences in AUD, MDD, and PTSD risk begin to emerge after puberty when adrenal and gonadal steroid levels rise and become more divergent in boys and girls. These changes include reactivation of the hypothalamic-pituitary-gonadal (HPG) axis, which, like the HPA axis described earlier, orchestrates sexual development and reproductive behavior using finely tuned, circadian and circamensual hormone-brain interactions (Solomon and Herman 2009; Witt 2007) . Although beyond the scope of this discussion, sex steroids produced by the gonads (testes in boys and ovaries in girls) and adrenal steroids have profound effects on brain development and functioning (see sidebar).
These effects on the brain are readily apparent in the stress-reward circuits described previously and also are evident in the ways alcohol stimulates the HPA axis. For example, in rodent models, whether alcohol is administered systemically (Ogilvie and Rivier 1997) or directly into the brain (Larkin et al. 2010) , the effects on stress hormone release are sexually dimorphic with female rodents exhibiting greater increases in corticotropin levels than male rodents. Indeed, as elegantly reviewed by Witt (2007) , there is compelling animal and human evidence that sex and gonadal steroids influence multiple aspects of alcohol drinking and alcoholseeking behaviors.
Sex Differences in Stress Responsivity
A n important consideration for the next generation of studies identifying the causal mechanisms linking alcohol use disorders (AUDs) with stressrelated psychiatric disorders is that, like healthy men and women, female and male alcoholics differ in stress responsivity. Thus, studies attempt ing to unravel these associations will need to include adequate numbers of alcoholdependent women and men, or focus on female alcoholics with and without psychiatric comorbid ity to decipher these mechanisms.
As reviewed elsewhere (Fox and Sinha 2009; Kajantie and Phillips 2006) , sexual dimorphisms in stress reactivity begin early on during pre natal brain development. At puberty, when sex steroid levels rise and become more divergent between boys and girls, there is further sexdependent "sculpting" of neural circuits, includ ing those involved with regulating the stress response (Sisk and Zehr 2005) . Thus, some of these sex differences appear to involve the brain's hard wiring.
Gonadal steroids such as estro gen, progesterone, and testosterone also influence various elements of the stress response. For example, estradiol can bind to either of two estrogen receptors (ERs) on brain cells that secrete corticotropin releasing hormone (CRH) and the hormone arginine vasopressin (AVP). Depending on where in the brain these estrogenbinding events take place, and which of these ERs are bound, CRH secretion may be ampli fied and AVP release suppressed, respectively (Kajante and Phillips 2006). Thus, cyclical changes in estro gen and progesterone levels that occur during the female menstrual cycle influence stress responsivity, and menstrual cycle phase needs to be adequately controlled in human studies measuring stress hormone reactivity.
Estrogens also affect circulating levels of the protein that binds the stress hormone cortisol in the blood stream. Circamensual fluctuations in estradiol levels affect the ratio of bound versus unbound cortisol, and because only free (i.e., unbound) cortisol that is metabolically active, this is another reason that controlling for menstrual cycle phase is important. Oral contraceptives that contain estro gens or estrogen-progestin mixtures also affect corticosteroidbinding (CBG) concentrations (Kirschbaum et al. 1999) , and these medications can be an important confounding factor in measuring stress hormone responses in premenopausal women.
Finally, sex steroids have profound effects on brain chemical (i.e., neuro transmitter) systems governing cen tral and peripheral stress responses. For instance, synthesis and reuptake of the neurotransmitter serotonin is influenced by fluctuating levels of sex steroids at multiple levels ). Thus, sex matters when it comes to determining the associations between AUDs and stressrelated psychiatric disorders. ■ Unraveling Sex Differences in Brain Stress-Reward Circuits Underlying Comorbidity: The Next Decade of Progress Researchers have suggested that the increased risk for stress related MDD and/or PTSD in alcoholdependent women compared with men is both a function of biological sex differences in HPA and eCRH stress systems and environ mental gender effects (e.g., childhood adversities including traumatic life events) (Anthenelli et al. 2009; Brady 2006a, b; Fox and Sinha 2009) . A fundamental aspect of this hypothesis is that, as is the case in experimental animals, the human stress response is sexually dimorphic and stressor specific. However, unlike studies in rodents or nonhuman primates, in which scientists can manipulate the animal's hormonal milieu and many other important experimental conditions influencing the stress response, the challenges in human studies are more daunting. Menstrual cycle phase, concomitant use of hormonal contraceptives and other drugs of abuse (e.g., cocaine, cannabinoids, nicotine, and opiates), past trauma exposure, and length of abstinence from alcohol and other drug use are just some of the factors that can confound the results of human experiments (Kudielka et al. 2009 ), making such studies labor intensive and costly. Moreover, researchers need to be sure to distinguish between mood alterations observed during subacute and protracted withdrawal (i.e., alcoholinduced psychiatric disorders) and independent, stressrelated psychiatric conditions, which, themselves, fre quently overlap in the same individual (Campbell et al. 2007) .
Although the task is formidable, the vast knowledge accrued over the first 40 years of NIAAA's existence has set the stage to overcome these challenges. Unraveling the effects of alcohol and gender on stress reactivity will offer new avenues for prevention and treatment of these common comorbid mental health disorders.
Conclusion
A significant proportion of people with AUDs also suffer from a coexisting mood or anxiety disorder. Researchers are examining the body's stress response, and the role of the HPA axis in particular, to explain the mechanisms that may increase the risk for these disorders. Stress and alcohol use initiate similar hormonal responses, and some of the alter ations observed in the HPA's response to stress are similar for patients who are alcohol dependent and those who suffer from depression and PTSD. However, important differences in stress reactivity occur across these conditions, which may be identified using laboratory stress paradigms and exploited to better understand how patients with comorbid conditions differ from those with alcoholism alone. Future research needs to examine how gender differences in traumatic life events and biologically driven sex differences in stress and emotional reactivity influence a person's vulnerability to alcoholism and other comorbid disorders. Such investiga tions may allow researchers to determine the specific biological factors contributing to the vulnerability to alcoholism and other mental health disorders and may lead to the development of new and more effective treatments for alcoholism and stressrelated psychiatric disorders that are genderspecific. The challenge, then, of the next decade and beyond for NIAAA and its funded investigators is to unravel the causal mechanisms underlying comorbid alcohol dependence and stressrelated disorders. ■
